In this study, progress and sort of electrochemical discharge machining (ECDM) that was developed to manufacture the micro features like micro grooves, micro pillar, micro holes and micro channels etc. were investigated. Many materials can be machined regardless of material conductivity, hardness and strength by ECDM using electro chemical machining (ECM) and electric discharge machining (EDM) combination. Researchers developed electrochemical discharge drilling (ECDD), turning (ECDT), grinding (ECDG), milling, dressing, trepanning, wire ECDM, die-sinking ECDM, rotary ECDM, powder mixed ECDM, magnetic field assisted ECDM, vibration assisted ECDM methods. Pyrex, glass, stainless steel, cermet, soda lime glass, quartz, silicon nitride, zirconium oxide, borosilicate glass, diamond crystals, e-glass/epoxy composite, kevlar/epoxy composite and silicon wafer were used as a work piece. Effects of machining voltage and drilling depth on mean diameter, influence of tool travel rate on groove width and depth and effects of voltage types on micro holes accuracy and machining type etc were investigated. This review is to discuss the results of studies and applicability of this methods. It sums up also with a vision for future research in electrochemical micromachining.
INTRODUCTION
Increase of utilization of micro scale products in wide range of science and technology fields leads researchers to investigate more about these fields. Electrochemical machining (ECM) only for electrically conductive materials, electric discharge machining (EDM) for electrically conductive materials and non-conductive materials only with specific set-up remain incapable of manufacturing of micro scale products. Thus, researchers have been tried to find new hybrid methods to manufacture micro scale products irrespective of material conductivity and strength. Electrochemical discharge machining (ECDM) that is a combination of ECM and EDM was developed by Kurafuji and Suda in 1968[1] but it was first described by physicists Hippolyte Fizeau (1819-1896) and Leon Foucault (1819-1868) [2] . The basic configuration of ECDM was shown in Fig 1[3] . Researchers developed new processes, the same with ECDM essentially, in times. In this study, these new kinds of ECDM processes and investigations to enhance material removal rate (MRR) of ECDM were analysed.
ECDM IN LITERATURE
Before to develop the ECDM, researchers tried to understand the electrochemical discharge phenomenon. One of the first investigations on this is the effect of different power supply configurations and electrolytes in 1993 by Raghuram et al. [4] Figure. 
ECDM
Because, the critical voltage was important to determine the material removal rate and enhance MRR. Basak and Ghosh [5] developed a model and compare numerical results with experimental ones to predict the MRR. Besides, Ghosh [6] presented the principle and possibilities of ECDM. Among early works in literature, Bhattacharyya et al. [7] analyzed different process parameters on MRR and they attempted to specify the proper tool shape. Kulkarni et al. [8] were the other researchers to investigate the mechanism of the ECDM process. They paid attention to relation among the timevarying current, temperature rise and MRR. A mathematical model was developed to relate among machining parameters with process criteria by Sarkar et al. [9] . Conclusions showed that applied voltage had more effects on material removal rate, radial overcut and heat affected zone. Chavoshi and Behagh [10] investigated and discussed the hole length and axial wear parameters and relation between them. That results were cited from the paper by Coteate [11] . The influences of process parameters of ECDM on MRR were researched for borosilicate glass and process parameters were optimized using Taguchi's method by Paul and Hiremath [12] . Adding surfactant to electrolyte increased the current density and stabilized the current, hence provide better quality [ 
ECDM Hybrids
Chak et al. [23] developed new tools for electrochemical discharge drilling to prevent the decrease on MRR with increasing machining depth. Spring-fed cylindrical hollow brass tool and spring-fed cylindrical abrasive tool were used to drill aluminium oxide (Al2O3). Coteate et al. emphasized the effects of some parameters (the voltage, the electrode tool diameter and the work liquid density) on the electrode tool wear [24] , the effects of the input parameters on the tool wear and on the drilling speed [25] , the effects of the voltage, the capacity of electric circuit on tool wear [11] . They also designed, built and tested an in-house equipment on ECDD process with passivating electrolyte [26] .
Nguyen et al. used the simultaneous micro ED/EC milling method which enhanced surface integrity and dimensional accuracy to the situation that these methods used alone [27], and they studied analytical model to describe critical conditions for MR mechanisms for these methods [28] .
Zeng et al. [29] combined the methods, EDM for shaping and ECM for finishing, and had results that the size and shape of workpiece was much better than which were milled by only ECM.
Liu et al. [30] developed new wire ECDM process to machine particle-reinforced aluminium alloy 6061 and researched the influences of current, pulse duration and electrolyte concentration on MRR. Results indicated that most effective factor for the highest MRR is the applied current. Again, they [31] developed a grinding-aided model to machine particulate reinforced metal matrix composites (MMCs). This new method enhanced efficiency of machining and surface quality on MMCs. Also to predict of critical breakdown voltage they developed a model [32] corresponding with experimental results. Cao et al. [33] machined 3D micro-structures less than 100 µm in size and achieved good surface in spite of minimized structures (Fig 2) . It was revealed that high voltage reduced machining resolution. Thus, they reduced required voltage by means of a load cell and the tool electrode with small layer depth. Cao et al [34] also used ECDM and micro grinding process for machining of glass type material that had an important disadvantage, rough surface, using polycrystalline diamond (PCD) tool.
Cheng et al. [35] investigated the influences of the machining parameters on gas film quality which is very important factor on machining quality. Again, they [36] used new process wire ECDM with electrolyte supplied in titrated flow to fabricate the micro-scale features. The results remarked that this new cost effective and environmental friendly process enable better machining outcomes with less width. They revealed [37] that adding SiC powder improved surface quality up to 80%. Finite element based model for ECDM drilling was developed to predict discharge regime by Wei et al [38] .
Jiang et al. [39] determined spark energy to model spark generation and this finite element model were validated with experiments. They [40] also modelled gas film evolution and [33] validated with experiments to enhance the machining efficiency and quality. The properties of electrochemical discharge effect were investigated by them [41] . Razfar et al. [42] studied effects of different types of longitudinal oscillation on machining speed and hole depth. Results revealed that although vibration did not effect on the process with micro drill, it was quite effective such as MRR up to 40% with cylindrical rod. Advantages of electrochemical discharge drilling were revealed by Skrabalak and Stwora [43] on the comparison study drilling hole with electrochemical, electro discharge and electrochemical discharge drilling. Zhang et al. [44, 45, 46, 47, 48, 49] developed new process, tube electrode high-speed electrochemical discharge drilling (TSECDD), shown in Fig 3, to machine cooling holes. Lowconductivity salt solution [44] enhanced machining surface and efficiency, increasing tube-electrode inner diameter increased MRR [45] on TSECDD. The performance of ECDD with super-high-pressure interior flushing [47] and internal and side flushing [48] were investigated with machining parameters effects. Effect of tube electrode inner diameter on ECDM of nickel-based superalloy which are widely used in aircraft engines were studied [49] . 304 stainless steel was drilled with ECDM process by Huang et al. [50] who established a new process using high-speed micro-electrode. Liu et al. [51] analysed the inter-polar voltage and characteristics of current of a process using slotted metal wheel and mist-jetting electrolyte in ECDM to stabilize. Krötz and Wegener [52] developed a new process that was spark assisted electrochemical machining (SAEM). The process is shown in Fig. 4 . This process was stimulating more contact arcs in a period on the contrary of ECDM. This method presented that the finishing could be done with the same equipment. They also revealed [53] that comprehending the heat distribution would enabled further improvement of this method. Electrochemical spark machining method was interested by some researchers [54, 55, 56] . Ziki and Wüthrich [56] used spark assisted method for gravity-feed micro hole machining. They investigated tool wear and expansion for tungsten, steel and stainless electrodes. 
CONCLUDING REMARKS
The aim of this study was analysing the ECDM investigations and new processes of ECDM. Researchers, especially investigated and emphasized the material removal rate that was very crucial to improve the ECDM process. It was seen obviously that applied current [30] is the most effective parameter on MRR. New tools [23], tool shapes [7] or new processes [42, 17] were developed to enhance MRR. Besides, applied voltage is very effective on MRR [9] . Yet, Cao et al. [33] emphasized that high voltage reduced the machining resolution. Future works will be carried out in ECDM in the light of the results.
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